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SPECIFICATION 

[TITLE OF THE INVENTION] FLEXIBLE TUBE FOR ENDOSCOPE AND 
MANUFACTURING METHOD FOR THE SAME 
[WHAT IS CLAIMED. IS;] 

[Claim 1] A flexible tube for an endoscope comprising a flex 
(spiral tube), a blade (net tube) and a outer sheath that are 
laminated in this order, wherein 

the outer sheath .is formed by mixing a soft elastomer and a 
hard elastomer, and the mixing ratio is changed so that .the 
proportion of the soft elastomer increases from the front end 
"side of the flexible tube toward the side at which an operation 
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part body of an endoscope comes into contact, whereby the 
flexibility of the flexible tube is changed. 
[Claim 2] A manufacturing method for a flexible tube for an 
endoscope, wherein a corrugated tube for forming a flexible 
tube is inserted into a synthetic resin molding machine and 
moved in the axial direction inside said molding machine, and 
a plurality of resins with different hardnesses are-mixed at 
a mixing ratio in accordance with the amount of insertion of 
the corrugated tube," and the mixed resin is applied on the 
corrugated tube that is being moved as mentioned above, whereby 
an outer sheath to cover the flexible tube is formed. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[Field of the Invention] 

The present invention relates to a flexible tube for an endoscope 
and a manufacturing method for the same,, more specifically, 
a flexible tube for an endoscope and a manufacturing method 
for the same in which an outer sheath .of 'the flexible tube for 
an endoscope is formed by coating a resin.. 
[Prior Arts] 

As generally, known, a flexible tube comprising the main body 
of the long inserting part of .an endoscope to' be inserted into' 
a portion to be examined is formed of, in order from the inner 
side, a spiral tube called a flex formed by spirally winding 
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an elastic band plate, a net tube that is formed by weaving 
a thin .metal wire or a thin metal wire and a synthetic fiber 
and covered on the spiral tube, and an outer sheath formed by 
coating, a synthetic resin. That is, a corrugated tube member 
is formed of a bendable spiral tube and a net tube closely adhered 
on the outer surface of said spiral tube to prevent elongation 
of the same spiral tube, and an outer sheath formed from a 
synthetic resin is coated on the outer surface of this corrugated 
tube member to make the surface of the flexible tube smooth 
and prevent entrance of liquid such as a body fluid into the 
flexible tube. 

In addition, the flexible tube thus constructed is comprised 
of a hard portion with low flexibility and a soft portion with 
high flexibility so that the flexible tube canbe easily inserted 
into a bent cavity at a portion to be examined, and the following 
means for changing the flexibility of the flexible tube have 
been proposed as also disclosed in Japanese Utility Model 
Publication No. 63-34641: 

(i) Several kinds of synthetic resin-made tubes with different 
hardnesses are connected by means of adhesion, heat-welding, 
and chemical-fusion, and covered on the net tube as an outer 
sheath. 

(ii) A synthetic resin is applied on the net tube, and the 
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applying thickness of the synthetic resin is changed. 

(iii) The thickness or the spiral pitch of the spiral tube is 
changed. 

(iv) The flexibility of the members housed in the flexible tube, 
for example,, the coil-shaped guide tube of the bending operation 
wire is .changed. 

By these means, the hardness of the flexible tube is changed 
between the front end side and the proximal side' of the operation 
part main body, along the longitudinal direction. 
In particular, a flexible tube for an endoscope for medical 
use which is soft at the front end part and becomes higher in 
rigidity toward the base end part is regarded as a tube with 
excellent operability, and' this flexibility is a necessary 
condition for an endoscope whose inserting part is inserted 
up to a deep portion inside a body cavity. 

Fig. 13 is a drawing showing an enlarged main part of a 
conventional flexible tube for an endoscope having an example 
of a hardness changing means. In this flexible tube 4A, the 
outer sheath is formed of two layers including soft layer 7A 
and hard layer 7B, and constructed so that the portion from 
a optional position at the front end side to the proximal side 
is hard, the front end part is .soft, and the operation part 
side portion is relatively hard, whereby the insertability of 
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the tube into a body cavity is improved. 
[Themes to be Solved by the Invention] 

However, if the outer sheath is formed of two layers including 
a soft layer and a hard layer as mentioned above, the layers 
easily separates from each other, and furthermore, the R shape 
of a portion at which the .hardness changes suddenly differs, 
so that insertability is poor and durability against twisting 
is also poor. In addition, if either the blade or flex is formed 
to be rough and the other is formed to be fine to form a two-stage 
structure, whereby the flexibility is changed between the front 
end side and operation part side, when the endoscope is inserted 
into a living body cavity and diagnosis is carried out for the 
inside of the living body cavity, the tube suddenly bends, 
resulting in difficulty in operation. That , is, expected 
flexibility is not obtained, so that not only is much time and 
labor wasted, but also correct diagnosis cannot be carried out . 
Therefore, all the conventional means for changing the 
flexibility of the flexible tube have disadvantages such that, 
"the manufacturing is difficult and requires much time, and the 
cost increases. 

The object of the invention is to eliminate the abovementioned 
disadvantages in the conventional means, and provide a flexible 
tube for an endoscope and a manufacturing method for the same 
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whereby the hardness of the outer sheath formed by coating a 

synthetic resin can be optionally changed in the longitudinal 

direction of the flexible tube, and a desired hardness can be 

automatically obtained . 

[Means for Solving Themes and Action] 

In order -to achieve the abovementioned object, 

a flexible tube for an endoscope of the invention comprised 

of a flex (spiral tube) , a blade (net tube) , and an outer sheath 

layered in this order, wherein 

the outer sheath is formed by mixing a soft elastomer and a 
hard elastomer, and the mixing ratio is adjusted to change the 
flexibility of the flexible tube, and in a method of 
manufacturing this flexible tube, a corrugated tube member for 
comprising a flexible tube is inserted into a synthetic resin 
molding machine, the molding machine is moved in the axial 
direction, and a. plurality of resins with different hardnesses 
are mixed at a mixing ratio in accordance with the amount of 
insertion of the corrugated tube member into the molding machine, 
and the mixed resin is applied on the corrugated tube member 
that is moving", whereby a coating outer sheath for the flexible 
tube is formed. 
[Preferred Embodiment] , 

Hereinafter, the invention is explainedbased on the illustrated 
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embodiments. Fig. 3 is a complete view showing the construction 
of the entirety of an endoscope in which the flexible tube for 
an endoscope of the invention is installed, and this endoscope 
1 is comprised of operation part main body 2- and inner living 
body cavity inserting part 3, and in the inner living body cavity 
inserting part 3, flexible tube 4 r bending tube 5,. and front 
end component 6 are continuously provided in the order from 
the operation part main body 2 side. 

Fig. 1 is an enlarged sectional view of the main part of the 
construction of the flexible tube -for an endoscope 4 showing 
the first embodiment of the invention. 

This flexible tube 4 is comprised of flex (spiral tube) 9 formed 
by spirally winding an elastic band plate, blade (net tube) 
8 formed by weaving a thin metal wire to coyer the flex 9, and 
outer sheath 7 that is made from elastomers and covers the entire 
circumference of the outer surface of the blade 8. 
Weaving a thin metal wire forms the blade 8. The outer sheath 

7 covered on the outer circumferential surface of the blade 

8 is formed by mixing soft elastomer 11 and hard elastomer 12.. 
This mixing ratio is set as shown in Fig . 1 so that the proportion 
of the hard elastomer 12 becomes higher toward the operation 
part main body side 14.. That is, at the front end component 
side 13, a large amount of soft elastomer 11 and a small amount 
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of hard elastomer 12 are mixed at this side. In other words, 
the hard elastomer 12 to be mixed is increased and the soft 
elastomer 11 to be mixed is reduced toward the operation part 
main body 14 side. 

If the outer sheath 7 of the flexible tube 4 is thus constructed, 
when operating the endoscope It the front end side 13 serves 
as a soft portion, and the hardness, becomes gradually higher 
toward the operation part main body side 14, so that the R shape 
does not suddenly change, and the operation to insert the inner 
living body cavity inserting part 3 into a living body cavity 
can be extremely easily carried out. 

Furthermore, in order to make the abovement ioned outer sheath 
7 harder from the front end side 13 toward the operation part 
main body side 14 , the mixing ratio of the hard and soft elastomers 
11 and 12 is gradually changed, however, the mixing ratio of 
both elastomers can be changed stepwise. 

Fig. 2 is a sectional view of the flexible tube 4 in the case 
where the flexibility of the outer sheath 7 of the flexible 
tube for an endoscope 4 showing the second embodiment is changed 
stepwise. That is, the mixing ratio of the soft elastomer 11 
and hard elastomer 12 is changed - stepwise from the front end 
side 13 toward the operation part main body side 14 .. For example, 
the areas A, B, C, and D are set, and the mixing ratio of the 
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hard elastomer 12 is gradually increased from A<B<C<D. In this 
case, needless to say, depending on the purpose of use of the 
endoscope (for example, for the colon, stomach, or bronchi, 
etc. ) , the number of divided areas and the mixing ratio of the 
hard and soft elastomers are optionally designed. 
Next, the method of invention for manufacturing the outer sheath 
7 of the flexible tube that is formed as mentioned above is 
explained. 

First, the main part of a manufacturing apparatus for carrying 
out the abovementioned. method is comprised of, as an example 
of which is shown in Fig. 4 and Fig. 5, conveying passage forming 
member 17 for forming conveying passage 16 for conveyance of 
corrugated tube member 15, which is formed of the spiral tube 
9 and net tube 8 covered on the outer surface of the spiral 
tube, along the axial direction in the longitudinal direction; 
molding die 18, which rotatably supports the conveying passage 
forming member 17, and comprises resin supply passages 19a and 
19b, mixing part 20, and applying part 21, a plurality of resin 
supply units. which has outlets 22a and 23a connected to the 
supply passages 19a and 19b of the molding die 18 to supply 
resins with different hardnesses to the supply passages 19a 
and 19b;: the abovementioned mixing part 20 for mixing resins 
with different hardnesses that are supplied into the supply 
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passages 19a and 19b; the abovementioned applying part 21 for 
applying resin mixed by the mixing part onto the entire 
circumference of the outer surface of the corrugated tube member 
5 to be conveyed within the conveying passage 16; a detecting 
means for detecting the position of the corrugated tube member 
15 within the conveying passage 16; and control part 24 for 
controlling the resin discharge amounts from the resin supply 
units 22 and 23. 

The abovementioned conveying passage forming member 17 is formed 
of a rotating nozzle shaft formed of a thick pipe, and is rotatably 
laid at the center inside the molding die 18, and the center 
hole thereof serves as the conveying passage 16 for the 
corrugated tube member 15. This conveying passage forming member. 
17 is rotatably disposed inside inner cylinder 25 whose outer 
circumferential surface at the center is fixed on base 18a of 
the molding die 18, and one side of the conveying passage forming 
member, that is, the feeding-in side (the right side in the 
figure) for the corrugated tube member 15 is rotatably supported 
by bearing members 27a and 27b so that the conveying passage 
forming member rotates when a drive force is transmitted from 
an unillustrated motor M via belt 29 to fixed pulley 28 (see 
Fig. 5).. The other side of the conveying passage forming member , 
that is, the feeding-out side (the left side in the figure): 
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of the corrugated tube member 15 is provided with a conic nozzle 
part, and the molding die 30 is fixed to the base 18a so as 
to cover this nozzle part, and these nozzle part and die comprise 
the abovementioned mixing part 20 and applying part 21. 
Of the supply passages 19a and 19b, the supply passage 19b is 
formed by space 1. provided between the outer circumferential 
surface of the inner cylinder 25 and the inner circumferential 
surface of outer' cylinder 26 which is fixed to the base 18a 
and disposed around the inner cylinder 25, and the other supply 
passage 19a is formed by. a space f ormedbetween the outer cylinder 
26 and base 18a, and both supply passages 19a and 19b are formed 
so as to send a resin toward the mixing part 20. Outlet 22a 
is connected to the supply passage 19b, and a resin with low 
hardness (soft elastomer) for the outer sheath is supplied from 
the resin supplying unit 22 to the outlet 22a via discharging 
unit 22b such as a pump . On the other hand, outlet 23a is connected 
to the other supply passage 19a, and a resin with high hardness 
(hard elastomer) for the'outer sheath is supplied from the other 
resin supplying unit 23 to the outlet 23a via discharging unit 
23b such as a pump. Then, the discharge amounts from the 
discharging units 22b and 23b are controlled by the output 
signals from the control part 2 4 as described later . In addition, 
the resin supplying units 22 and 23 are comprised of biaxial 
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extruders. 

Furthermore, the left end faces of the inner cylinder 25 and 
outer cylinder 26, which form feeding-out sides of the resin 
supply passages, are formed to become^ an inclined surface 
continued to the conic circumferential surface of the nozzle 
part, and transporting passage 19c for supply of the resin for 
the outer sheath to the mixing part 20 is formed between the 
inclined surface and the inner surface of the molding die 30. 
Spiral projected thread 31 is integrally formed on the mixing 
part 20 comprised of the abovementioned conic nozzle as shown 
in Fig. 6(A),- and when the conveying passage forming member 
17 rotates, resins with different hardnesses that have been 
fed and extruded from the supply passages 19a and 19b and the 
transporting passage 19c are mixed by the screw action of the 
spiral projected thread 31, and the mixed resin is coated on 
the outer circumferential surface of the corrugated tube member 
15 that is being conveyed within the conveying passage 16 by 
the applying part 21. 

The abovementioned spiral proj ected thread 31 formingthe mixing 
part 20 may be formed of a number of warty projections 32 as 
shown in Fig. 6(B) , or may be a plurality of projected threads 
33 that project along the axial direction and are formed at 
equal angles on the conic surface as shown in Fig.. 6(C).. 
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The means for detecting the position of the corrugated tube 
member 15 within the conveying passage 16 is comprised of 
pho-toref lector 35 that detects controlling mark 34 attached 
on the outer circumferential surface of the corrugated tube 
member 15, and the control part 24 controls the discharge amount 
from the discharging units 22b and 23b based on the mark position 
signal from the photoref lector 35 that has read the controlling 
mark 34. 

Furthermore, front tip part 36 is detachably attached to the 
front end part of the conic nozzle part forming the mixing part 
20 as shown in Fig. 7 , and by replacing this front end tip part 
36 for each corrugated tube member 15 with a different outer 
diameter, the optimum coating applying pressure is evenly 
applied to the corrugated tube member 15. 

In the abovement ioned embodiment of the manufacturing apparatus , 
projected thread 31, projections 32, or projected threads 33 
are provided on the circumferential surface of the mixing part 
20 comprised of the conic nozzle part to obtain a screw action, 
however, as shown in Fig. 8, as with the circumferential surface 
of the mixing part 20, projected thread 31a, projections 32a, 
or projected threads 33a may be provided on the inner surface 
of the molding die 30, and furthermore, these projected threads 
31 -and 31a, projections 32 and 32a, or projected threads 33 
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and 33a are provided on the circumferential surface of the mixing 
part 20 and the inner surface of the molding die 30, and they 
are combined, whereby the mixing performance of the resins is 
further improved. 

Next, a manufacturing method of the invention is explained 
whereby an outer sheath that can change the flexibility of the 
flexible tube is covered on the outer surface of the corrugated 
tube member 15 by the manufacturing apparatus thus constructed. 
Fig. 9 is a drawing for description of an embodiment of the 
manufacturing method according to the invention, and in the 
case of this method, a control means based on positions is 
employed, and in this case, the controlling marks 34.are attached 
at positions of, for example, 30cm, 60cm, and lm from the front 
end side of the corrugated tube member 15 to be covered by the 
outer sheath. If these marks 34 are formed so as to have different 
colors or different number of lines, erroneous reading of the 
marks can be prevented ~ 

The corrugated tube member 15 with the marks 34 attached is 
inserted into the conveying passage 16 of the , conveying path 
forming member 17 that is driven by the motor to rotate, and 
conveyed inside the conveying passage 16 at a fixed speed. 
Herein, the resin- supplied from the resin supply unit 22 is 
regarded as a resin with high hardness, that is, hard resin 
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X, and the resin supplied from the resin supply unit 2 3 is regarded 
as a resin with low hardness, that is, soft resin Y. Then, 
initially, the resins are discharged at a ratio of the resin 
X to the resin Y equaling approximately 1 to 9. Therefore, the 
resin mixed at this ratio is applied and coated as an outer 
sheath. When the 30cm mark 34 passes through the detecting part 
35 of the photoref lector, the position of the mark is detected, 
and transmitted to the control part 24 as a mark position signal . 
Then, the control part 24 controls the discharging units 22b 
and 23b of the supply units 22 and 23 based on this position 
signal, and changes the ratio of the discharge amounts from 
these units so that a ratio of the resin X to the resin Y equals 
3 to 7 . The resin obtained by mixing at this ratio is coated 
onto the corrugated tube member 15 as an outer sheath. Next, 
when the 60cm mark 34 passes through the detecting part 35, 
this is detected as the second mark, whereby the control part 
24 controls the discharge amounts so that the ratio of the resin 
X to resin Y equals 5 to 5. Therefore, coating is carried out 
at this mixing ratio to form an outer sheath.. When the lm mark 
34 passes through the detecting part 35, it is detected as the 
third mark, and the discharge amounts are changed by the control 
part 24 so that the ratio of the resin X to resin Y equals 9 
to 1, and the obtained resin at this mixing ratio is coated 
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for a predetermined time T 0 . When this predetermined period 
T 0 has elapsed, the discharge amounts of the resins X and Y 
return to the initial amounts, and the abovementioned coating 
operation is repeated. 

The flexible tube manufactured by the abovementioned outer 
sheath manufacturing method indicates changes in hardness as 
shown in Fig. 9. That is, a flexible tube having 4-step changes 
in hardness is obtained. The timing of changes in the discharge 
amounts (the inclination Z in the graph of Fig. 9) can be 
optionally changed by a start timing unit (not illustrated) , 
whereby changes in hardness of the flexible tube can be made 
rapid or gentle. In addition , the number of marks may be 
optionally changed in accordance with desired changes in 
hardness of the flexible tube. 

Fig. 10' through Fig. 12 show another embodiment of the 
manufacturing method of the invention. In the manufacturing 
method of this embodiment, the control means in accordance with 
time is employed. In this case, as shown in Fig. 10, controlling 
mark 34A is attached on one point of the corrugated tube member 
15. This mark 34A is' detected by the detecting part 35, the 
discharge amounts of resins with different hardnesses are 
changed and coated. Also in the case of this embodiment, the 
resin supplied from the resin supply unit 22 is regarded as 
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a hard resin X with high hardness, and the resin supplied from 
the resin supply unit 23 is regarded as a soft resin Y with 
low hardness. When the corrugated tube member 15 with the 
controlling mark 34A attached is inserted through the conveying 
passage 16 at a fixed speed, the resins X and Y are discharged 
at a ratio of X to Y equaling 1 to 9 initially, and the resins 
are mixed at this ratio, and the obtained resin is coated as 
shown in Fig. 11(A). 

Next, when the controlling mark 34A passes through the position 
of the detectingpart 35, the timing is detected, and by receiving 
the control signal, the control part 24 controls the discharge 
amounts so that the ratio of resins X to Y equals 3 to. 7, and 
as shown in Fig.. 11 (B) , the resin obtained by mixing the resins 
at this mixing ratio is coated for the period of time T x . When 
this period of time T L has elapsed, the discharge amounts are 
changed by the control 24 so that the ratio of resins X to Y 
equals 5 to 5, and at this mixing ratio, as shown in Fig. 11 (C) , 
the obtained resin is coated for a period of time T 2 When this 
period of time T 2 has elapsed, the control part 24 changes the 
mixing ratio to the ratio of resins X to. Y = 9 to 1, and the 
obtained resin is coated for the period of time T 3 as shown 
in Fig. 11(D), whereby the outer sheath forming operation is 
completed. After this operation is completed, the condition 
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returns to the initial condition. Thus, the method of the 
abovementioned embodiment controls the timing, and by this 
method, a flexible tube whose hardness changes in 4 steps is 
manufactured . 

Fig. 12 is a graph showing the changes in the mixing ratio in 
accordance with the elapse of time in the abovementioned 
embodiment, and as can be clearly understood from this graph, 
the number of steps of changes and the inclination Z at the 
portion Z 0 of change in the mixing ratio are completely the 
same as in the abovementioned embodiment of Fig. 9. 
[Effects of the Invention] 

As described above, according to the invention, in the flexible 
tube for an endoscope, a plurality of outer sheath forming resins 
with different hardnesses are mixed to form an outer sheath 
of the tube, and the mixing ratio is optionally changed, whereby 
the flexibility of the flexible tube is changed. Therefore, 
the flexibility at a desired portion of the flexible tube can 
be freely and easily changed, and accordingly, the inserting 
operability into a portion to be examined Is excellent, and 
the inserting labor and time are significantly reduced. In the 
case of a medical endoscope, the effect of this tube is great 
since it reduces the patient' s pain . Inaddition, a manufacturing 
apparatus is constructed so that optional amounts of elastomers 
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whose hardnesses and materials are different from each other 
are simultaneously discharged by a plurality of resin supply 
units, and then mixed for one month to form an outer sheath, 
and the outer sheath is coated on the corrugated tube member, 
and the same apparatus is operated by a position control means 
or a time control means to manufacture the flexible tube, so 
that a flexible tube an optional portion of which is changed 
in flexibility - can be extremely easily manufactured. 
Therefore, the invention can provide a flexible tube for an 
endoscope and a manufacturing method for the same in which the 
conventional defects have been eliminated. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is an enlarged sectional view of the main part of the 
flexible tube for an endoscope showing the first embodiment 
of the invention; 

Fig. 2 is' an enlarged sectional view of the main part of the 
flexible tube for an endoscope showing the second embodiment 
of the invention; 

Fig. 3 is an inclined view of the entire construction of the 
endoscope; 

Fig. 4 is an enlarged sectional view of the main part of the 
manufacturing apparatus for the flexible tube for an endoscope 
for carrying out the method of the invention; 
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Fig. 5 is a schematic view showing the drive system of the 
manufacturing apparatus of Fig. 4; 

Figs. 6 (A) , (B) , and (C) are side views showing, respectively, 
examples of the projected thread and projections provided on 
the circumferential surface of the mixing part * in the 
manufacturing apparatus of Fig. 4; 

Fig. 7 is an enlarged sectional view showing the front end tip 
part at the mixing part in the manufacturing apparatus of Fig. 
4; 

Fig. 8 is an enlarged sectional view showing a modified example 
of the molding die in the manufacturing apparatus of Fig. 4; 
Fig. 9 is a diagram for explanation of an example' of the 
manufacturing method of the invention for forming an outer sheath 
of the flexible tube by using the manufacturing apparatus of 
Fig. 4; 

Fig. 10, Figs. 11 (A) , (B) , (C) , and (D) , and Fig. 12 are diagrams 
for explanation of another example of the manufacturing method 
of the invention for forming an outer sheath of the flexible 
tube by using the manufacturing apparatus of Fig. 4; and 
Fig. 13 is an enlarged sectional view of the main part showing 
an example of the conventional flexible tube for an endoscope. 
1 endoscope 

2 operation part main body 
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